Objective: The present study aims to identify the scientific evidence on the influence of the environment during the critical periods of children's lung development.
Introduction
There are many problems facing children that contribute to the burden of environmental diseases in this population under 5 years. The survival of every child is still an unpostponable priority and varies enormously depending on where they were born and grow 1 . In this sense, more than one million children die each year as a result of acute respiratory diseases, 60% of these deaths being related to environmental pollutants 2 . The number is astounding and cannot be ignored. Environmental risk factors, such as degraded ecosystems, environmental smoke, air pollution, and climate changes are the likely factors that cause changes in the health status of this population 3, 4 . In low and medium-income nations, one of the most common environmental disorders, constituting major public health problem, is lower respiratory tract infections. Nevertheless in developed countries, the most prevalent diseases are allergy and asthma 1, 5 .
The Influence of the Environment during the Critical Periods of Pulmonary Development
The exposure to pollution on household indoor environments is a heterogeneous mix of hazardous components. The mix is the sum of pollutants of outdoor air and indoor sources, as tobacco and secondary domestic pollution 6 .
Tobacco smoke is a threat to children's health with adverse effects on their pulmonary function 1, 7, 8 . Data from a study by The National Health and Nutrition Examination Survey (NHANES), with children aged 3 to 19 years old, suggest a positive relationship between exposure to secondhand smoke and an elevated risk of pediatric hospitalization. Using serum cotinine (nicotine metabolite) as a biomarker for tobacco smoke, the researchers found that children with a high exposure to secondhand smoke (cotinine ≥ 3 ng/mL), were 3.49 times more susceptible to an emergency pediatric hospitalization due to respiratory illnesses than children with no exposure to secondhand smoke 9 . According to another study, U.S. children exposed to the adverse effects of inhaling tobacco smoke may lead to 7 million school absences and 18 million days of limited activity 10 .
Secondhand smoking has a negative impact on children's health since the intrauterine stage, affecting infants' growth and development due to a critical window of vulnerability to smoke exposure. Maternal smoking during pregnancy can result in more than 1,000 infant deaths annually 11 . The incidence of low birth weight in newborns of mothers who smoked during pregnancy was two times higher than those born to non-smoking mothers 10, 12 .
Smoking mothers are also responsible for an increased incidence of wheezing in babies 13 , ear infections, eye irritation 14 and a history of respiratory diseases [15] [16] [17] mainly among children under five years of age. In case control studies, children exposed to smoking show a chance nearly twice to develop the abovementioned diseases than those who are not exposed 13, 14, 17, 18, 19 . In addition, children living in crowded environments and poor housing conditions play a fundamental role in the causal chain of respiratory diseases [20] [21] [22] .
But even worse than exposing children to tobacco smoke is contaminating them with thirdhand smoking -THS 23 , which can cause changes to the DNA and cancer, as the nicotine residues provoke lesions that break the molecule bonds responsible for transmitting the genetic code 24 . THS consists of residual tobacco smoke pollutants that remain on surfaces and dust and are re-emitted to the gas phase, or react with oxidizing agents and other compounds in the environment to obtain these secondary pollutants. Invisible, it is a threat because it is hidden in every corner of the house inhabited by smokers: furniture, curtains, pillows, mattresses, carpets and walls 23 .
According to WHO 25 , secondary domestic pollution due to the burning of solid fuel (wood, coal, manure, crop residue) on fires or traditional stoves is one of the top ten risks to health in the world, affecting children directly. The inefficient burn of those solid fuels releases a dangerous mixture of thousands of substances such as particulate matter, carbon monoxide, nitrous oxide, sulfuric oxides, formaldehyde, hydrocarbons and polycyclic organic matter, which includes carcinogenic substances such as benzopyrene 26 . The amount of smoke women and their young children inhale can be equal to that of two packs of cigarettes a day 27 . The WHO's research suggests that children under 5 years of age who inhale particulate matter (soot) from domestic air pollution may develop pneumonia, leading to premature deaths in more than 50% of cases 25 .
Air pollution in urban areas was identified as the driving factor in the prevalence of emergency care and hospitalizations in children with a higher occurrence of recurrent wheezing episodies 28 , as in asthma, bronchiolitis and pneumonia, as well as otitis, coryza and ocular irritation 29 .
Another type of pollutant harmful to children's health is the smoke from forest fires. It is made up of gases, such as water vapor, molecular nitrogen, sulfur dioxide (SO 2 ), carbon monoxide (CO), carbon dioxide (CO 2 ), methane (CH 4 ), among others, and ash micro particles 30 . Children living near the fire-risk areas may suffer consequences to their health. Toxic agents like the total suspended particulate matter, inhalable particulate matter and nitrogen dioxide can cause undesirable effects through a combination of heat, pulmonary irritation, oxygen deprivation (asphyxia) and poisoning 30 .
Research indicates the causal link of climatic seasonality and children's respiratory symptoms. Some pathogenic respiratory viruses have a higher frequency in rainy seasons and during severe climate changes. Variations in rainfall and climate can cause precipitation of particulate matter in the atmosphere, increasing the prevalence of respiratory tract diseases in vulnerable children 31 .
Phases of lung development
A healthy lung growth, both before and after birth, is an important determinant in respiratory child health and essential to produce an appropriate airway system. During the intrauterine phase the existence of lungs, as breathing organs, are unnecessary. Even so, the lungs must be developed, in such a way as that they are immediately ready to function following birth 29 . Still in intrauterine life, the lungs are an important source of amniotic fluid. This fluid is produced daily -15 ml per kg of body weight, and can be swallowed or flowed out via the trachea and mouth 32 .
There are two stages to the development of the lungs: lung growth (structural development) and lung maturation (functional development). Adequate lung growth function at birth depends upon a mature surfactant system and lungs of normal size and can be influenced by physical factors 33, 34 (Table.1 ).
Structural lung development
There are five stages of structural lung development (Figure 1) . They occur at a progressive time during the gestational period, and there is no absolute agreement about the weeks that comprise each phase, varying between fetuses 35 .
Biochemical maturation
Lung maturation with its full functionality is primarily a biochemical process and is under the control of a number of different endogenous hormones, such as glucocorticoids, which play an important role in the development of the fetal lung 32 . The production of pulmonary surfactant (a lipoprotein complex) is very relevant. Surfactant is responsible for the decrease in surface tension within alveoli and prevents collapse of alveoli during exhalation. Premature babies are more prone to respiratory problems such as lung collapse, if they are born prior to the adequate formation of surfactant 32,36 .
Adequate intrathoracic Physical compression decrease intrathoracic space and impede lung space growth
Adequate presence of lung liquid
The volume of lung fluid is maintained by the activity of the upper airway which controls the resistance to efflux of fluid out of the lung and trachea during non-breathing periods, and by diaphragmatic movement associated with fetal breathing movements.
Adequate amount of amniotic fluid Oligohydramnios retards lung growth possibly by lung compression affecting fetal breathing movements Fetal breathing movements of normal incidence and amplitude
Fetal breathing movements stimulate lung growth, possibly by stretching the pulmonary tissue and do induce small changes in phasic flow Normal balance of volumes and pressures within the potential airways and airspaces In the fetus, tracheal pressure greater than amniotic pressure and greater than pleural pressure, produces a distending pressure that may promote lung growth. Adapted from Kitterman, 1988; Rothstein, 2004. 
Children's particular characteristics
The vulnerability of children respiratory diseases to environmental hazards occurs because very specific physiological characteristics are found in this population. The determining risk factors are: fragility in intrauterine life; immaturity of the lung; development and growth in progress; unconsciousness of health risks and threats and child breathe in greater proportion to their body weight 29 . Lung development is not complete at birth 37 and proceeds through proliferation of pulmonary alveoli and capillaries until the age of 2 years. Thereafter, the lung grows through alveolar expansion until 5-8 years of age 38 .
Infants and young children breathe comparatively more air than an adult at rest, even though the adult has a major lung capacity, which corresponds to about 6.5 liters, whereas in a child this capacity is about 2 liters 39, 40 . Considering the body weight, the air volume passing through the airways of the child at rest is twice of that in adults, under similar conditions 41 . An infant has three times the ventilation per minute than an adult, and a 6-year-old child has twice this volume 42 . Babies who were born prematurely may be more vulnerable to environmental aggression due to pulmonary immaturity 39 . Accordingly, the effects caused by air pollutants in young children may result in a potentially significant obstruction to their airways, whereas it can only produce a light response on an adult 29 .
As children breathe more air and tend to be more physically active than adults, inhaling toxic gases may compromise their pulmonary function or exacerbate pre-existing conditions, increasing the incidence of acute respiratory infections in this population, expressed as increased hospitalizations and school absenteeism 40 . Gases inhaled by the child are partially eliminated by the exhaled air 43 . The processes involved are diffusion by alveolar membranes, which will depend on the liquid medium where the harmful compound is diluted (blood) and the gas phase (alveolar air). These contaminants are eliminated at a rate inversely proportional to the retention in the blood 43 . Thus, poorly soluble volatile substances in the blood are rapidly eliminated, while the very soluble ones in the blood are slowly excreted by expired air. Nitrous oxide, which has low blood solubility, is rapidly excreted, while ethanol, which is very soluble in water, is slowly excreted in the lungs 43 . Other examples of this last type of substances are gases such as carbon monoxide (CO), nitrogen dioxide (NO 2 ), ozone (O 3 ), sulfur dioxide (SO 2 ), lead, mercury, particulate matter in suspension (dust, smoke and aerosols), plus some alcohols and pesticides 29, 30 .
Pulmonary disorders resulting from exposure to toxic contaminants occur because children have no control over the environment in prenatal and postnatal periods, including the quality of the air they breathe, the water they drink, and the food they eat 44 . Children have peculiar habits and are unaware of risks and threats to their health, and this contributes to adverse effects due to a higher exposure to pollutants 29 .
Conclusion
The review has clearly shown the causal link of environment hazards on children pulmonary health during critical periods of development: in-utero, when exposure to second-hand smoking has a negative impact on lung maturation and also on the anthropometric measures of newborns 45 ; in infants, when exposure to toxic agents at home affects the respiratory tract and increases the prevalence of pulmonary infections. During this period of life, children stay longer at home, in direct contact with environmental pollutants 46 ; and in preschool years, when respiratory diseases are more common, with higher risks of temporary or permanent damage to the normal physical lung and, consequently, to their current and future health 29 .
Knowledge of the effects of environmental exposure on the lungs of children and how they are caused can contribute to the ultimate goal of prevention, i.e. to avoid, minimize or reduce the exposure of children to risk factors.
